We investigated 33 cervical spinal cord injury patients (25 males and eight females) without bony injury. Patients whose neurologic recovery had reached a plateau and who had evidence on imaging of persistent spinal cord compression were considered candidates for surgical decompression. When imaging did not show spinal cord compression or patients were maintaining a good neurologic recovery from the early days after injury, we pursued conservative treatment. Age at injury varied from 20 to 76 years (mean, 55.6). Average followup was 31 months. Twelve patients were treated conservatively (Group 1). Groups 2 and 3 had surgery. Group 2 (14 cases) had multi-level compression of spinal cord due to pre-existing cervical spine conditions such as ossi®cation of posterior longitudinal ligament, cervical canal stenosis, and cervical spondylosis. Group 3 (7 cases) patients existed single-level compression of spinal cord by cervical disc herniations or spondylosis. We evaluated clinical results according to the Frankel classi®cation, the American Spinal Injury Association (ASIA) scales and Japanese Orthopaedic Association (JOA) scores. Overall improvement of JOA and ASIA scores after treatment was 56.3+35.5% and 67.1+38.0%, respectively. Patients in Group 1 showed very good recovery after conservative treatment, with improvement of JOA and ASIA scores being 70.4+40.2% and 77.4+34.2%, respectively. The average interval between injury and operation was 4.3+4.4 months. The improvement of the surgically treated patients (Groups 2 and 3) in JOA and ASIA score was 48.2+30.7% and 61.2+39.6% respectively. We obtained good neurological recovery after operation, with signi®cantly more improvement in Group 3 than in Group 2. No signi®cant neurologic recovery had occurred preoperatively in these groups. In such patients operative intervention is essential for neurologic recovery.
Introduction
The syndrome of spinal cord injury without radiographic abnormality (SCIWORA) is more common in children than in adults and represents a signi®cant fraction of pediatric spinal cord injuries.
1 SCIWORA can also occur in adults, but is much less frequent than the syndrome of acute spinal cord injury without radiographic evidence of trauma (SCIWORET). SCIWORET occurs in cervical spondylosis, spinal stenosis, ankylosing spondylitis, disc herniation, and other conditions. 2 Cervical spondylosis is the most common associated condition in adults with SCIWOR-ET. To varying degrees SCIWORET patients usually show central cord syndrome. Although a considerable number of patients with central cord syndrome make a substantial recovery without surgery, many have signi®cant residual de®cits, 3 especially major impairments of the hands due to a combination of severe weakness and severe proprioceptive loss. All patients in this study were asymptomatic before injury. At that point, we distinguish the acute aggravated cervical myelopathy from spinal cord injury. We believe patients with central cord injury whose neurologic recovery has reached a plateau and who have persistent deformity of the spinal cord on myelogram or magnetic resonance imaging (MRI) should have surgery. When these studies did not show spinal cord compression, or patients were maintaining good neurologic recovery from the early days after injury, we used conservative treatment including medication, traction and orthosis. In this study, we evaluated the clinical prognosis to assess our surgical criteria and our timing of surgery for SCIWORET patients.
Materials and methods
A total of 33 SCIWORET patients were investigated (25 males and eight females). All were asymptomatic before injury. Age at time of injury ranged from 20 to 76 years (mean, 55.6; standard deviation, 12.4). The average follow-up period was 31 months. The most frequent causes of injury were falls at ground level (16 cases, 48.5%), followed by trac accidents (11 cases, 33.3%) and falls from a height (four cases, 12.1%). The percentage of injuries thought to have occurred under the in¯uence of alcohol was 15.2% (®ve cases). Physical ®ndings and descriptions of accidents were analyzed to identify the mechanism of injury; 28 patients sustained extension injury, while the mechanism was undetermined in ®ve patients. We found intramedullary lesions on 11 of 19 cases which we performed MRI examinations. On nine patients, the level of intra-medullary lesion extended from the most stenotic level.
We evaluated clinical results according to the Frankel classi®cation, 4 the motor scales of American Spinal Injury Association (ASIA), 5 and the Japanese Orthopaedic Association (JOA) score 6 (range, 0 ± 17; Table 1 ). The ASIA motor score is based on ten key muscles on each side, with a total maximum score of 100. Scores were measured when they ®rst came to our attention and they were examined again at follow-up. Improvement was calculated as follows: By a system reported perviously 8, 9 they were classi®ed into three types. In the ®rst type, upper extremity impairment, de®cits were con®ned to the upper extremities. The second, typical central cord syndrome, manifested Schneider-type impairment characterized by greater loss of motor power in the upper than lower extremities with varying degrees of sensory loss. The last type, incomplete transverse syndrome, had signi®cant de®cits in the lower extremities.
According to clinical course, type of lesion, and treatment, patients were divided into the three groups described below. Twelve patients were treated conservatively and 21 had operations. When radiological examination did not show compression of the spinal cord or patients were maintaining a good neurologic recovery from the early stage, we used conservative treatments including medication, traction and orthosis (Group 1). Head-halter traction (2 ± 3 weeks) and cast application were among the conservative treatments used. Recently, we administered the patients methylpredonisolone sodium succinate (MPSS) following a protocol of the second National Acute Spinal Cord Injury Study (NASCIS 2). 10, 11 The total eight patients received MPSS following NASCIS 2 procedure, ®ve of them in Group 1 and three of them in Groups 2 and 3.
When myelography or magnetic resonance imaging (MRI) showed evidence of cord compression and neurologic recovery had reached a plateau, we chose surgical treatment. Until the surgical treatment, we performed the same conservative treatment as Group 1. The surgical procedures used in this study were anterior inter-body fusion in 14 cases and laminoplasty in ®ve cases. Two patients received both anterior interbody fusion and laminoplasty. Seven patients had onelevel anterior inter-body fusion, six had two-level fusion and three had three-level fusion. The surgical patients group were classi®ed into two groups according to whether the principal lesion had characteristics indicating its presence on one level or multi levels. Patients in Group 2 (14 cases) had multi level lesions of the cervical spine predating injury such as ossi®cation of posterior longitudinal ligament (OPLL, four cases), cervical canal stenosis (two cases) and cervical spondylosis (eight cases). The lesion treated operatively in Group 3 patients (seven cases) had single level anterior compression of spinal cord due to cervical disc herniation and/or cervical spondylosis. The operations showed the anterior spinal compression by osteophytes or disc herniations, while in the two cases we found the extruded disc heriations. In Groups 2 and 3 the duration between injury and operation was 4.3+4.4 months. In Group 2, six had two-level anterior inter-body fusion, two had threelevel fusion and six had laminoplasty. Two patients received both anterior inter-body fusion and laminoplasty. In Group 3, seven had one-level anterior interbody fusion. No major surgery-related complications occurred in this series. In each square of the grid are two letters of the alphabet of Frankel classi®cation, the ®rst related to the neurological lesion on the ®rst examination and the second to the neurological lesion on last follow-up showed cord compression by disc herniations, while the other six patients did not demonstrate cord compression. We found intra-meduallary lesions on three cases with MRI examinations. We demonstrated a case of Group 1 in Figure 1 . Surgically treated patients (Groups 2 and 3, n=21) included two patients with upper extremity impairment, 12 patients with Schneider-type impairment and seven patients with incomplete transverse syndrome. They showed score increases from 8.2+4.1 to 11.6+4.7 (P50.0001) and from 78.0+ 25.4 to 87.1+21.1 (P50.005) by JOA and ASIA respectively. Their improvement in JOA and ASIA score was 48.2+30.7% and 61.2+39.6%, respectively. The 57% of Groups 2 and 3 had one grade improvement by the Frankel classi®cation, while 5% had two grades improvement (Table 5 ). There was no signi®cant dierence in the means of improvement in JOA and ASIA scores by the two surgical procedures, anterior inter-body fusion and laminoplasty. Group 3 patients (n=7) improved more than those in Group 2 (n=14). Group 2 improvements in JOA and ASIA score was 33.2+23.4% and 47.8+37.1% respectively, while improvement in Group 3 was 78.3+19.1% and 88.2+31.2% (Table  3) . Patients with Schneider-type impairment (n=12) had signi®cantly better improvement than the patients with incomplete transverse impairment (n=7). Schneider-type patients' improvement by JOA and ASIA score was 61.9+9.8% and 68.6+ 15.4% respectively, while improvement for the incomplete transverse impairment patients was 21.9+14.5% and 27.3+11.5%. Until a operation Group 2 patients had improved by only 6.2+13.4% and 7.2+18.3% by JOA and ASIA scores respectively, while Group 3 patients had improved by only 8.5+6.1% and 9.1+11.3%. The eight cases indicated intra-medullary lesion of MRI examination. The two cases, which belonged to incomplete transverse syndrome group, showed low intensity lesions on T1-weighted MRI.
Discussion
Thirty-three patients with spinal cord injury without radiographic evidence of trauma (SCIWORET) were studied. Patients with demonstrated persistent spinal cord deformity whose neurological recovery has reached a plateau became surgical candidates. Other patients received conservative treatment. Application of these criteria resulted in good clinical improvement for both forms of treatment. Patients operated on for single-level compression group (Group 3) had better improvement than those operated on for multi-level compression group (Group 2). It was suggested that the low score of Group 2 on the ®rst examination might take part in those results.
Shingu et al 12 have reported that the most frequent overall cause of spinal cord injury in Japan was trac accidents, followed by falls from heights; The mean age at time of injury was 48.6 years. Younger patients tend to be subject to higher forces of injury. 13 The present study revealed that relatively milder trauma predominates in older adults and results in SCIWOR-ET. In this study, the most frequent cause of injury was falls at ground level, followed by trac accidents and falls from heights. The mean age at time of injury was 55.6 years. For approximately 25% of reported spinal cord injury patients, alcohol consumption was a factor in injury.
14 In this study, 15.2% of patients were under the in¯uence of alcohol. Hyperextension injuries are the most common mechanism in central cord syndrome. 15 The ligamentum¯avum buckles inwardly against the posterior aspect of the spinal cord, while the bulging disc compresses the cord anteriorly. Schneider and Schemm concluded that a partial or relative insuciency of the vertebral arterial supply to the cervical cord played a role in development of these lesions. 16 In extension injuries roentgenographic alignment varies, and there may be no signs of injury on roentgenograms except for pre-vertebral soft tissue swelling. 17 The syndrome of acute central spinal cord injury originally described by Schneider 7 is characterized by greater motor impairment of the upper than the lower extremities, bladder dysfunction, and variable sensory loss below the level of the injury. In the present study, patients were classi®ed as having upper extremity impairment, Schneider-type impairment, or incomplete transverse syndromes. 8, 9 We observed better neurologic improvement in the upper extremity and the Schneider-type groups than in incomplete transverse syndrome patients.
Controversy has continued as to whether conservative 3, 7 or surgical 18 ± 21 treatment is better for central cord injury. Because of the considerable variation in SCIWORET, treatment should be decided according to degree of injury and improvement. We obtained good neurological recovery after operation, with signi®cantly more improvement in single level anterior compression group (Group 3) than in a group of multi level lesions (Group 2). Timing of In each square of the grid are two letters of the alphabet of Frankel classi®cation, the ®rst related to the neurological lesion on the ®rst examination and the second to the neurological lesion on last follow-up surgery also has been the subject of much debate. Our average interval between injury and operation was 4.3+4.4 months, representing delayed operation. Although some authors recommend acute surgical intervention, 22 we obtained good results from delayed operation for central cord injury. Many studies have demonstrated that mechanical compression of the spinal cord could cause injury and that its continued presence could prevent improvement. Bohlman and Anderson reported that anterior decompression, even when performed late after injury, could improve neurologic function in quadriplegia patients. 23, 24 Decompression can restore blood¯ow to the spinal cord and may result in further improvement. We believe that SCIWORET patients whose neurologic recovery has arrested and who have demonstrated compression of the spinal cord should have surgical treatment. 
